The atmosphere pressure gradients of spherical objects are extremely important in astrophysics and other related fields. The classical form of the gradient in a gravitation-dominated object has been widely adopted for quit a long time. But, in this form, a factor has been neglected: the "centrifugal force" that due to the thermal motion of gaseous particles in a special (not parallel) force field. There is sometimes a non-negligible effect on the gaseous pressure gradient by this supposed but really existing "force".
Subject headings: spherical object: pressure gradient, factor: thermal motion It is well known that, in a spherical object, the total force density F R in the radial direction is the reason that causes a gaseous pressure gradient along the radius R (Landau & Lifshitz 1980) : dp dR = −F R
The force density F R is the summation of radial force densities, which is possibly owing to different causes, e.g., the gravity, the magnetic tension and the centrifugal force for the object rotation. The classical form of the atmosphere pressure gradient in a spherical object, such as the star and the planet, is often gravitation-dominated and expressed as:
where M is the total mass of the central object and ρ is the mass density of the gas. While in the accretion disk, the centrifugal force is also important even able to approach a comparable level of the central gravity. By all these possible causes, the engendered pressure gradient is very important in statics and dynamics of celestial bodies as shown in astrophysics.
In this paper, an additional factor to the pressure gradient is introduced: the supposed centrifugal force due to the thermal motion of gaseous particles. In the spherical object, the isobaric surface of atmosphere is spherical (not a plane). The gaseous particles move with very high velocities, and so must be statistically kept on every corresponding spherical surface by an external force -the gravity, i.e., the gravity must provide a component to restrict these particles on the isobaric surface, and only its remanent part produces the pressure gradient. In this regard, there seems to be a "centrifugal force" caused by the thermal motion.
Firstly, we shall analysis the mechanism of every individual particle (assumed to be the same sort of particles with a mass m) in a spherical and gas-filled object, only considering the radial gravity f g and ignoring other possible centripetal forces. In supposition, there are two equivalent cases: (i) If the gravity f g = 0 in the spherical space, there is no difference of gaseous properties from in a quadrate container. The pressure gradient of the gas is zero everywhere. (ii) Otherwise, if there is a centripetal force f g = 0, which is different for different particles and happens to be equal to the centrifugal force f c that due to the thermal motion of the corresponding particle, the pressure gradient of the gas is also zero like in the case (i). Although it is impossible to keep the condition f g = f c always true for different particles (their thermal velocities are different) when the mass of the central object is given, these two equivalent cases provide some clues on which the centrifugal force of the thermal motion is able to affect the atmosphere pressure gradient when f g = 0.
A general relation between f g and f c can only be f g ≥ f c , because, if the centrifugal force is larger than the gravity, the particle bounded in a gravitational potential will escape from the region where they are located. In the following, we shall discuss the pressure gradient when f g ≥ f c as existing in general objects (see examples at the last paragraph).
For an arbitrary particle i in an infinitely small shell (i. e., a unit volume) at the radius R, where there are n particles (also is the number density of the gas), the thermal velocity is in an arbitrary direction and the centrifugal force f c (i) is connected with the thermal velocity component υ ⊥ (i) that perpendicular to the radius:
. The component υ R (i) in the direction along the radius brings no centrifugal force. If f c (i) ≤ f g (i), we can divide the gravity f g (i) into two parts. One supplies the restriction against the departure trend from its "circular" trajectory in the commoving frame of υ R (i), which is equal to f c (i) and so make the physical properties in the small spherical shell equivalent as in a quadrate container. In this container, the remnant (pure) force acting on the particle i in the radial direction is f R (i) = f g (i) − f c (i). So the summated force of n particles in the unit quadrate volume along the vector − → R is:
which is also the total force density on the particles in the spherical shell equivalently.
Here, there is some attention should be paid to the "centrifugal force" f c . It is not a real centrifugal force, but just counteracts part of the gravity f g as the particles are attracted. When f g = 0, it does not exist. In fact, for a particle, its local transverse component of the velocity is kept the same absolute value (when f g ≥ f c ) no matter which place it will move to if not considering the collision with other particles. Because the gravity does not accelerate or decelerate the absolute value of the local transverse velocity, but only changes its direction and the kinetic energy in the radial direction. Even when collisions happen, the particles only communicate their velocities in the case of the same mass. At different time, the state of the particle system is invariable as a whole. So when the gravity influences on a particle collectivity, the effective force for the pressure gradient is smaller than the gravity. This may be caused by the special force structure of the spherical objects, which is centripetal. The classical formula of the pressure gradient is used in the case that the force points to a fixed and parallel direction.
The velocity υ can be decomposed in three directions x, y and z. If firstly the pure force density, which only gives a pressure gradient, is not considered, a statistical relation connects the averaged square values of these decomposed velocities:
The square velocity perpendicular to the radius that averaged on all particles is:
In thermodynamics, the local pressure describes the averaged kinetic energy of particles in this way: p = 1 3 nm υ 2 . So the total force density in the radial direction is:
, where the mass density ρ is confined by the equation of a perfect gas p = ρ m kT . The pressure gradient by taking account of the "centrifugal force" for the thermal motion of particles should be modified to this form:
For the centrifugal force, it seems to be an odd point at the object center R = 0. But, in fact, this odd point doesn't really exist. In any static objects, the centrifugal force must satisfy the necessary condition that the gaseous particles are restricted: f g (R) ≥ f c (R). Otherwise, the particles will move to outer regions of the object and are in an imbalance state. For example, in a purely gaseous system, the self-gravity in the central region will be not large enough to bound the particles. The particles will flee away from the gravitational center. In this system, the gravity tend to just provide the restriction on the gaseous particles and brings no pressure gradient. So the matter at the center of a general object is usually condensed or compact.
In the right side of the above formula, the relative magnitude of the second term to the first term can be represented by the parameter χ = 2kT R GM m (χ always ≤ 1). On the ground of the earth, χ is about 2.7 × 10 −3 ; Even in an altitude ∼ 10 3 Km from the ground, the temperature is ∼ 10 3 K and χ ∼ 0.01 (Hedin 1983) . For the solar, the parameter χ is some
